Abstract Analysis of gene expression in the lens is one of the analytical tools employed to investigate cataract formation in Atlantic salmon (Salmo salar L.). High quality RNA preparations are an essential prerequisite for gene expression analysis. The first aim of the present study was to investigate the possible effects of two methods of tissue preservation on the quality of RNA extracted from Atlantic salmon lenses. RNA was extracted from lenses either stored in RNAlater or flash-frozen in liquid nitrogen. Both tissue preservation methods yielded RNA of similarly high quality. The second aim was to examine if stress related to fish handling and the choice of anaesthesia during the sampling procedure affected gene expression in the lens. Six sampling procedures were tested on groups of sea water adapted Atlantic salmon smolt. Fish were either killed instantaneously (control group) or sampled after 30 min anaesthetised with isoeugenol, after 30 min without anaesthesia, after 120 min anaesthetised with isoeugenol, after 120 min with 15 min anaesthesia with metacaine or after 120 min without anaesthesia. The expression levels of specific genes, of special interest in the study of molecular mechanisms of cataractogenesis, were analysed in lenses by real-time RT-PCR. Fish not anaesthetised had significantly increased levels of heat shock protein 70 (HSP70) mRNA after 30 min compared to the control group. Glutathione reductase (GR) and manganese superoxide dismutase (Mn-SOD) were expressed at significantly lower levels in groups of Atlantic salmon sampled after 120 min anaesthetised with isoeugenol or metacaine, and anaesthetised with isoeugenol, metacaine or without anaesthesia, respectively. The same expression patterns were found in corresponding gill tissues for these two antioxidant genes. In conclusion, preservation in liquid nitrogen instead of RNAlater is recommended due to practical conditions in RNA extraction. A quick sampling protocol with the use of anaesthetics and not exceeding 30 min should be preferred to avoid effects of the sampling procedure on lens gene expression in Atlantic salmon.
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In addition to biochemical analysis, methods to analyse gene expression in the lens represent a powerful tool to get a better understanding of the molecular processes leading to cataract development in Atlantic salmon (Tröße et al. 2009; Waagbø et al. 2008 ). High quality RNA preparations are an essential prerequisite for applications like real-time RT-PCR or microarray experiments (Fleige and Pfaffl 2006; Imbeaud et al. 2005) . Contaminations of RNA samples with salts, organic compounds, lipids, proteins, or DNA are dependent on the type of tissue, tissue preservation, and purification method. Such impurities in the samples can be assessed by spectrophotometry at certain wavelengths. RNA is readily degraded if not handled with proper care. The integrity of total RNA samples has traditionally been assessed by agarose gel electrophoresis and comparison of the intensity of the 28S-band and the 18S-band. More recently, the use of the RNA integrity number (RIN), based partly on the same principle, has been proposed (Schroeder et al. 2006) .
Fish are known to be more sensitive to chemicals and other stressors when compared to land living animals (Wendelaar Bonga 1997) . Stress responses in fish can be divided into primary responses, which are relatively fast endocrine changes, like temporary increases in circulating catecholamines and cortisol, and secondary responses in the form of metabolic changes, like hyperglycaemia and changes in plasma free fatty acids. Tertiary responses in the form of changed growth performance or disease resistance can also occur (Barton 2002; Mazeaud et al. 1977) . To avoid possible effects of the organisms response to handling stress on the physiological, chemical and molecular parameters measured in an experiment, fish should preferably be killed for sampling no longer than 5 min after netting (Wendelaar Bonga 1997) . However, large-scale sampling of different fish tissues from a high number of fish from the same tank can be very time-consuming, especially when fish are held in sea-water cages and have to be transported to the sampling facility before killing. Investigating the effects of different sampling strategies and the accompanying stress on the fish is thus crucial to ensure reproducible and reliable research, as well as ethical handling of the fish as research animals.
The aim of the present study was to investigate the possible effects of tissue preservation in liquid nitrogen or RNAlater on the quality of RNA extracted from lenses of Atlantic salmon. Furthermore, the expression levels of a set of carefully selected genes, of special interest in the study of molecular mechanisms of cataractogenesis, were analysed in the lenses of fish subjected to different sampling procedures.
Materials and methods

Fish handling
The work described in this paper was part of a project investigating possible effects of anaesthetic treatment during sampling on the quality of RNA extracted from various fish tissues, the results of which were published by Olsvik and co-workers (Olsvik et al. 2007a) .
Briefly, from a pool of about 130 seawater-adapted Atlantic salmon smolt that had been starved for 24 h, a total of 36 fish were sampled. The sampled fish had an average weight of 455 ± 80 g. The sampling procedure started at time point zero, when 6 fish were sampled directly from the main storage tank (control group). Twelve fish were moved to a 90 L container filled with sea water added 10 mg/l of the anaesthetic Aqui-S, which contains 50% isoeugenol and 50% polysorbate 80 (Aqui-S new Zealand Ltd, Lower Hutt, New Zealand). Another 12 fish were moved to a second container containing pure sea water, and 6 fish were moved to a third container containing pure sea water. After 30 min, 6 fish from both the first and the second container were sampled (30 min isoeugenol group, and 30 min sea water group, respectively). Two hours after the start, the last 6 fish from the first and third container were sampled (120 min isoeugenol group, and 120 min sea water group, respectively). The fish in the second container received a 15 min anaesthetic treatment with 100 mg/l metacaine (Norsk Medisinaldepot, Oslo, Norway) previous to sampling 2 h after start (120 min metacaine group). All sampled fish were killed by a blow to the head. The containers were oxygenated during the experimental period and the oxygen levels did not fall below 100% in the different containers. The water temperature rose from 9.3 to 10.5°C during the experimental period.
Tissue sampling and preservation
Of each of the 36 sampled fish, both lenses were dissected out quickly after opening the cornea by an incision along the limbus. The lenses were cleaned from aqueous humour and muscle fibres. One of the lenses was immediately frozen in liquid nitrogen, while the other was preserved in 1 ml of RNAlater (Ambion Inc., Austin, TX, USA). The flash-frozen lenses were stored at -80°C. The lenses in RNAlater were kept on ice after sampling, at 4°C over night, and were then stored at -20°C. The sampling of gills tissue was described in detail by Olsvik et al. (2007a) .
RNA extraction, quantity and quality RNA was isolated from whole lenses using Trizol reagent (Invitrogen, Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. RNA extraction and quantity and quality determination were carried out as described in detail by Olsvik et al. (2007a) . The quality of the RNA samples was evaluated spectrophotometrically using a NanoDrop ND-1000 (NanoDrop Technologies, Wilmington, DE, USA), and by assignment of 28S/18S ratio and an RNA integrity number (RIN) (Schroeder et al. 2006 ) using an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA).
Two-step real-time RT-PCR
Only RNA extracted from tissues that had been frozen in liquid nitrogen was used for gene expression analysis. Five selected genes were assayed in addition to three potential reference genes. These genes were heat shock protein 70 (HSP70), metallothionein B (MT-B), glutathione reductase (GR), manganese superoxide dismutase (Mn-SOD) and glutathione S-transferase (GST). A list of the PCR primers used in this study is given in Table 1 . All primer pairs had previously been successfully used to amplify PCR products from RNA extracted from various Atlantic salmon tissues other than the lens (Olsvik et al. 2007a (Olsvik et al. , b, 2005 ; unpublished in-house data).
Expression of the selected genes was measured following a two-step real-time RT-PCR protocol, as described in detail by Olsvik and co-workers (Olsvik et al. 2007a) . In a first step, total RNA (two technical (Table 1) . Melting curve analysis was applied to confirm the amplification of the expected gene-specific products. Baseline and threshold values for Ct calculation were set automatically with the ABI Prism 7000 SDS software version 1.1, or set manually when necessary. Ct values were transformed to quantities using genespecific efficiency values derived from the respective standard curves, as described in the geNorm manual (March 13, 2007) . The geNorm VBA applet for Microsoft Excel version 3.4 (http://medgen.ugent.be/ *jvdesomp/genorm) was used to determine the most stably expressed genes in all tested samples and to calculate a normalisation factor from these genes (Vandesompele et al. 2002) . For lens samples, ARP and b-actin were chosen as reference genes. The third potential reference gene, EF1A B , was excluded because its expression varied considerably in the lenses (data not shown). Also for gills samples, ARP and b-actin proved to be appropriate reference genes. The mean normalized expression (MNE) values for the various genes were determined in all samples by dividing their quantities by the normalisation factor calculated in geNorm.
Statistics
The statistical analyses in this work were performed using the STATISTICA data analysis software system, version 7.1. (StatSoft, Inc., Tulsa, USA, 2005, www.statsoft.com). Comparisons between the two RNA preservation methods were done by student's t-test. The nonparametric Mann-Whitney test was used to compare gene expression data of the five sampling groups to the control group. Correlation between individual gene expression levels in lenses and gills was tested by Spearman rank order correlation. An alpha level of 0.05 was considered significant if not otherwise stated.
Results
To assess the possible effects of tissue preservation methods on lens RNA quality, the A260/280 and A260/230 absorption ratios, 28S/18S ratio, and RNA integrity number (RIN) of all samples were analysed as measures of RNA purity and integrity. All lens RNA samples lay within a range of 1.99-2.07 for the A260/ 280 ratio (Fig. 1a) , and 1.29-2.09 for the A260/230 ratio (Fig. 1b) , with only four of the 64 samples under 1.7 A260/230. Both the A260/280 and A260/230 absorption ratios were significantly higher in RNA samples from lenses preserved in RNAlater than in samples frozen in liquid nitrogen (Student's t-test, P \ 0.0001). The 28S/18S ratio lay between 1.0 and 1.8 for all lens RNA samples (Fig. 1c) . No significant difference in the 28S/18S ratio was found between the two preservation methods (Student's t-test, P = 0.91). The RIN values lay between 8.0 and 9.4, except from one sample, which had a RIN number of 7.6 (Fig. 1d) . Lens RNA samples preserved in RNAlater had slightly higher RIN values than samples preserved in liquid nitrogen. This trend was, however, not significant (Student's t-test, P = 0.14).
The expression levels of five candidate genes of particular interest in studies of molecular mechanisms of cataractogenesis, as well as the three potential reference genes ARP, b-actin and EF1A B , were assayed by two-step real-time RT-PCR in lenses of the five sampling groups and the control group. The five candidate genes were heat shock protein 70 (HSP70), metallothionein B (MT-B), glutathione reductase (GR), manganese superoxide dismutase (Mn-SOD) and glutathione S-transferase (GST). Mean normalised expressions of HSP70, MT-B, GR, Mn-SOD and GST in the five sampling groups compared to the control group were analysed by Mann-Whitney test (Fig. 2) . Fish not anaesthetised had significantly increased levels of HSP70 after 30 min compared to the control group (Fig. 2a) . Furthermore, there was a significant decrease in expression of GR in the 120 min isoeugenol and 120 min metacaine groups compared to the control group (Fig. 2c) , and likewise a significant decrease in expression of Mn-SOD in the 120 min isoeugenol, metacaine and sea water groups when compared to the control group (Fig. 2d) . The expression levels of MT-B (Fig. 2b) and GST (Fig. 2e) were not affected by the sampling strategy.
To check if the expression levels of the antioxidant genes GR and Mn-SOD were also affected in the gills, two-step real-time PCR was applied to gills tissue samples from the same fish the lens samples were taken from. Expression of GR and Mn-SOD in gills tissue (Fig. 3) followed the same pattern as seen in the lens (Fig. 2) . GR expression was significantly decreased in the 120 min isoeugenol and 120 min metacaine groups when compared to the control group (Fig. 3a) , and there was a significant decrease in expression of Mn-SOD in the 120 min isoeugenol, metacaine and sea water groups relative to the control group (Fig. 3b) . Spearman rank order correlation analysis revealed a significant correlation between the expression in lens and gills tissue of GR (P \ 0.05; r = 0.48), and Mn-SOD (P \ 0.05; r = 0.64).
Discussion
In the present study we investigated the possible effects of RNA preservation in liquid nitrogen or RNAlater on the quality of RNA extracted from Atlantic salmon lenses. Furthermore, the expression levels of five specific genes in the lenses of fish subjected to different sampling procedures were analysed. In addition, the expression levels of two responding antioxidant genes in lenses were analysed in corresponding individual gills tissue for comparison of the impact.
The purity of the isolated lens RNA was evaluated by the A260/280 and A260/230 absorption ratios. Both tissue preservation methods yielded pure RNA samples, though the mean absorption ratios were slightly but significantly higher for RNAlater-preserved lenses, indicating higher RNA purity. The integrity of the isolated RNA, assessed by 28S/18S ratio and RIN, was of similarly high quality for lenses preserved in liquid nitrogen and RNAlater. The experimental design and RNA isolation protocol eliminated any possibility of differences in preservation time or duration of RNA extraction procedure causing the observed differences in absorption ratios. Despite the higher purity of RNA isolated from lenses preserved in RNAlater, we would recommend preservation in liquid nitrogen. When frozen, the lenses kept their shape and integrity and were thus easier to process for RNA purification. Storage in RNAlater caused the separation of nucleus and cortex and made the lens tissue tenacious and hard. Furthermore, large crystals were found in some of the tubes used to store lenses in RNAlater, possibly made up of lens crystallins leaking from damaged lens tissue. In a similar approach, Olsvik et al. (2007a, b) tested the effect of storage in liquid nitrogen or RNAlater on the quality of RNA isolated from various Atlantic salmon tissues other than the lens (liver, gill, head kidney and brain). Also this study concluded with the recommendation of liquid nitrogen.
The sampling procedures applied in this study differed in duration and in the anaesthetics used. A number of anaesthesia is commonly used for fish (Ross and Ross 1999) . Among those are the two anaesthetics applied in this study, metacaine (MS-222) and isoeugenol. Metacaine is a widely-used anaesthetic and is applied in most fish species (Ross and Ross 1999) . Isoeugenol is derived from clove oil, and is the active component in Aqui-S. Aqui-S is a relatively new anaesthetic compound that has been reported to be a promising alternative to commonly used anaesthetics in Atlantic salmon (Iversen et al. 2003) . The effects of metacaine and clove oil on the physiological response to stress were found to be similar when tested in Chinook salmon (Oncorhynchus tshawytscha Walbaum) (Cho and Heath 2000) and rainbow trout (Oncorhynchus mykiss Walbaum) (Wagner et al. 2003) . However, the recovery time of rainbow trout anaesthetised with clove oil was found to be longer when compared to metacaine, which is most likely due to a stimulatory effect of metacaine on the heart rate and the inhibitory effect of clove oil on the respiratory system of the fish (Keene et al. 1998 ). This inhibitory effect could partly explain the incidence of a metabolic alkalosis in the 2-h isoeugenol group (Olsvik et al. 2007a) .
The expression levels of five genes in Atlantic salmon lenses were measured by real-time RT-PCR. The chosen genes are interesting candidates for the use in studies on the molecular mechanisms leading to cataract development in Atlantic salmon. Glutathione reductase (GR), glutathione S-transferase (GST), and manganese superoxide dismutase (Mn-SOD) are involved in the elimination of reactive oxygen species (ROS) caused by oxidative stress (Fridovich 1995; Lou 2003; Raza et al. 2002) , one of the main factors involved in cataract formation (Truscott 2005; Williams 2006 ). Heat shock protein 70 (HSP70) and metallothionein B (MT-B) are known to be induced by multiple types of stresses (Iwama et al. 1998; Kägi 1993 ). The expression of these genes could thus be affected by stress related to the fish sampling procedure, which would interfere with any observations made in conjunction with molecular studies on cataract development in Atlantic salmon. In the present study, the expression of HSP70 was highly variable in all sampling groups, which is probably due to individual differences between the sampled fish in the cognition of and reaction to stress. Expression levels of HSP70 were highest after 30 min in sea water when compared to the control group, most probably as a result of the handling stress. Olsvik et al. (2007a) analysed both primary and secondary stress parameters in the blood of fish from all six sampling groups studied in the present article. The plasma cortisol levels were highest after 30 min and had returned toward basal levels after 2 h, possibly as the fish had adapted to the stressor. This adaption effect might also explain the decreased expression levels of HSP70 in the lenses after 2 h.
Both GR and Mn-SOD were found to be differentially expressed in the lenses, with decreased expression levels in the 120 min isoeugenol and 120 min metacaine groups, and in the 120 min isoeugenol, metacaine and sea water groups, respectively, when compared to the control group. It was unexpected to find the expression of two antioxidant enzymes in the lens to be affected by the duration of the sampling procedure. Therefore we decided to assay these two genes in gills tissue, which is more exposed to external stressors and also involved in the stress response in fish (Wendelaar Bonga 1997) . Surprisingly, the expression of GR and Mn-SOD followed the same pattern in gills tissue as seen in the lens (Figs. 2 and 3 ). This indicates that the response to oxidative stress is similarly quick in the lenses and in the gills in Atlantic salmon.
It can be concluded that the different tissue conservation methods did not have a substantial effect on the quality of RNA isolated from Atlantic salmon lenses. Due to practical conditions in RNA extraction, preservation in liquid nitrogen instead of RNAlater is recommended. Based on the results obtained in this study, we recommend a quick sampling protocol with the use of anaesthetics and not exceeding 30 min. No differences in the expression of the genes tested in this study could be seen under these proposed conditions. If such differences are observed in future experiments applying the proposed sampling procedure, they are most likely due to the underlying biology and not to the sampling conditions.
